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The validity of taxa around Trichophyton rubrum was evaluated by a combination of phenetic and molecular
methods. Morphological and physiological features were compared to results of sequencing of the internal
transcribed spacer region of the ribosomal operon, PCR fingerprinting, and amplified fragment length poly-
morphism analysis. The 15 species and varieties investigated (Trichophyton circonvolutum, Trichophyton fischeri,
Trichophyton fluviomuniense, Trichophyton glabrum, Trichophyton gourvilii, Trichophyton kanei, Trichophyton
kuryangei, Trichophyton megninii, Trichophyton pedis, Trichophyton raubitschekii, Trichophyton rodhaini, Tricho-
phyton rubrum var. nigricans, Trichophyton soudanense, Trichophyton violaceum var. indicum, and Trichophyton
yaoundei) were reclassified or synonymized as T. rubrum or T. violaceum.

The members of the Trichophyton rubrum complex are the
most common agents of dermatomycoses, primarily causing
tinea pedis, onychomycosis, tinea corporis, and tinea capitis.
Trichophyton megninii Blanchard (5), described in 1896, is the
oldest identified taxon in the group. In the 1920s and 1930s, the
species was common in Western Europe (6) as an etiological
agent of tinea barbae. Now it is endemic in the Mediterranean
countries, mainly causing tinea corporis (25).

The most prevalent species of the complex worldwide is
T. rubrum (Castellani) Semon. It was described by Castellani
(8) in 1910, when all other main dermatophytes had already
been known for several decades. The species was suggested
to have evolved in the late nineteenth century as a cause of
chronic tinea corporis. It has since spread throughout the
world as the etiological agent of onychomycosis and tinea pedis
(34).

Another currently predominant species, Trichophyton viola-
ceum, was described by Sabouraud (7) in 1902, 6 years after
T. megninii. This species mostly causes tinea capitis and is
distributed particularly in North Africa and the Middle East.
The remaining species of the T. rubrum complex (Trichophyton
circonvolutum, Trichophyton fischeri, Trichophyton fluviomu-
niense, Trichophyton glabrum, Trichophyton gourvilii, Tricho-
phyton kanei, Trichophyton kuryangei, Trichophyton pedis,
Trichophyton raubitschekii, Trichophyton rodhainii, Trichophy-
ton soudanense, and Trichophyton yaoundei) are extremely
rarely isolated as agents of dermatomycosis, and most of
them were described much later, between 1960 and 1990.

Pleomorphism and cultural variability still make the der-
matophytes notoriously difficult to identify. Georg (17) and
Shadomy and Philpot (39) introduced a physiological identifi-
cation system, which has been elaborated particularly by Ca-
nadian mycologists (25). However, in practice, test results are
often difficult to read, and the system is insufficiently discrim-
inative. Using molecular tools, Gräser et al. (21) analyzed 100
strains of T. rubrum, including phenotypic varieties such as var.
nigricans. They did not detect any DNA variability among the
strains studied. The diagnostic potential of molecular diagnosis

thus seems to be significantly higher. The present study aimed
to reveal the taxonomic structure of all species closely related
to T. rubrum. This was done by concurrent application of sev-
eral molecular methods (internal transcribed spacer [ITS] se-
quencing, PCR fingerprinting, and amplified fragment length
polymorphism [AFLP] analysis) and by comparison of the re-
sults with conventional physiological, morphological, clinical,
and geographical data for the same strains.

MATERIALS AND METHODS

Fungal strains. The strains used and their origins are listed in Table 1. Names
applied are according to current taxonomy as used in the Centraalbureau voor
Schimmelcultures (CBS) list of cultures (http://www.cbs.knaw.nl), with the ex-
ception of Trichophyton pervesii Catanei, which had been reduced to synonymy
with T. rubrum on morphological grounds. When available, type or authentic
strains were used. Of the oldest species, no type strains are available because they
were not cultured. All strains were grown at 27°C for 3 weeks.

Conventional identification. Microscopic morphology was studied on malt
extract agar and colony morphology on Sabouraud’s glucose agar. Physiological
testing included the following features. (i) Production of urease was studied in
urea broth (Oxoid B.V., Haarlem, The Netherlands) by the method of Chris-
tensen (12). Tests were read with intervals of up to 7 days at 27°C. (ii) In vitro
hair perforation was tested at 27°C in sterile water containing 2 drops of 10%
yeast extract and sterilized prepuberal human hair (33). Results were judged
microscopically with up to 4-week intervals. (iii) The requirements for vitamins
and amino acids were examined at 27°C on commercially available Trichophyton
agars (Difco, Brunschwig Chemie B.V., Amsterdam, The Netherlands) (15): T1,
vitamin-free Casamino Acids (CAS) agar; T2, CAS plus inositol; T3, CAS plus
inositol plus thiamine; T4, CAS plus thiamine; T5, CAS plus nicotinic acid; T6,
vitamin-free ammonium nitrate agar; and T7, vitamin-free ammonium nitrate
agar plus L-histidine. Tests were read periodically for a maximum of 4 weeks.

DNA extraction. A minipreparation method for DNA from fungi was used as
described previously (18).

PCR fingerprinting. The following oligonucleotides were used as single prim-
ers in the PCR experiments: the simple repeat sequence (AC)10 (30) and T3B,
which is derived from the ITS region of the tRNA (59-AGG TCG CGG GTT
CGA ATC C) (27). Amplification reactions were performed in volumes of 50 ml
containing 25 ng of template DNA, reaction buffer (10 mM Tris-HCl [pH 8.0]–50
mM KCl–1.5 mM MgCl2; additionally 3 mM magnesium acetate was added for
T3B and 4 mM MgCl2 was added for (AC)10), 200 mM (each) deoxynucleoside
triphosphates (Pharmacia LKB Biotechnology Inc., Piscataway, N.J.), and 2.5 U
of Taq DNA polymerase (Perkin Elmer, Roche Molecular Systems, Inc., Branch-
burg, N.Y.). The primers T3B and (AC)10 were added at final concentrations of
25 pmol/50 ml of assay mixture and 10 pmol/50 ml of assay mixture, respectively.
Samples were overlaid with sterile, light mineral oil (Sigma, Deisenhofen, Ger-
many) and amplified through 32 cycles in a thermocycler (Perkin Elmer 9600) as
follows: initial denaturation for 5 min at 95°C, denaturation for 15 s at 95°C,
annealing for 30 s at 52°C for T3B and 54°C for (AC)10, and extension for 1.2 min
at 72°C. This was followed by a final extension step of 6 min at 72°C.

Approximately 20 ml of each reaction was loaded on 1.2% NA-agarose gels
(Pharmacia Biotech AB, Uppsala, Sweden) and electrophoresed for 5 h at 3 V
cm21 in 0.5 3 buffer (89 mM Tris-borate–2.5 mM EDTA, pH 8.3). The gels were
stained with ethidium bromide and photographed.
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AFLP analysis. AFLP was based on selective amplification of a subset of
genomic restriction fragments using PCR (37, 45). Briefly, restriction fragments
for amplification were generated in 40-ml reaction volumes. Genomic DNA (0.5
to 1 mg) was digested with 5 U each of EcoRI and MseI at 37°C for 3 h. Then 10
ml of a solution containing 5 pM EcoRI and 50 pM MseI adapters, 1 U of T4
DNA ligase, and 13 ligase buffer (50 mM Tris-HCl [pH 7.6]–10 mM MgCl2–
1 mM ATP–1 mM dithiothreitol–5% [wt/vol] polyethylene glycol 8000) was
added. The ligation reaction was incubated at room temperature for 3 h. After
ligation the reaction mixture was diluted 1:10. The following combinations of
AFLP primer pairs with three selective nucleotides each (bold letters) were used
for the amplification of the EcoRI-MseI fragments: (i) EcoRI-ATG (59-GAC
TGC GTA CCA ATT CAT G) and MseI-TGC (59-GAT GAG TCC TGA GTA
ATG C), (ii) EcoRI-TGC (59-GAC TGC GTA CCA ATT CTG C) and MseI-
CTA (59-GAT GAG TCC TGA GTA ACT A), and (iii) EcoRI-TGC (59-GAC
TGC GTA CCA ATT CTG C) and MseI-TGC (59-GAT GAG TCC TGA GTA
ATG C).

The amplification reactions were performed in 25-ml volumes containing 8 ml
of the 1:10 diluted ligation mixture as the template, 13 reaction buffer (10 mM
Tris-HCl [pH 8.0]–50 mM KCl–1.5 mM MgCl2), 200 mM (each) dNTPs, 1.25 U
of Taq DNA, and 25 pmol of AFLP primers/25 ml. Samples were overlaid with
sterile, light mineral oil (Sigma) and amplified through 36 cycles in a thermocy-
cler (Perkin-Elmer 9600) as follows: denaturation for 30 s at 94°C, annealing for
30 s (see below), and extension for 1 min at 72°C. The annealing temperature of
65°C in the first cycle was subsequently reduced by 0.7°C for each of the next 12
cycles and was kept at 56°C for the remaining 23 cycles. Electrophoresis in 1%
agarose gels on 5-ml aliquots of the PCR products confirmed successful ampli-
fication. Samples of 20 ml were mixed with 10 ml of loading buffer (98% form-
amide–10 mM EDTA–0.15% bromophenol blue–0.15% xylene cyanol) dena-
tured at 94°C for 5 min, followed immediately by chilling on ice. Fifteen to twenty
microliters was loaded on 6% MDE Hydrolink acrylamide gels (FMC Bioprod-
ucts, Rockland, Maine) and run in 0.53 Tris-borate-EDTA buffer for 5 to 6 h at
constant power (40 W). The gels were silver stained as follows: fixation in 1%
HNO3 for 10 min and incubation in 0.2% AgNO3 for 20 min and then in 0.28 M
NaCO3 plus 1 ml of formaldehyde (in 4 liters) for 10 to 30 min. The reaction was
stopped by incubation in 10% CH3COOH. Between each step the gels were
washed in Aqua-bidest, for 5 to 10 min and finally dried on Whatman 3MM
chromatographic paper using a gel drier.

DNA fragment analysis. Binary matrices were assessed for each of the five
AFLP and PCR fingerprinting data sets by using polymorphism analysis of the

computer program GelCompar (Applied Maths, Kortrijk, Belgium). Only dom-
inant bands were included, and differences in band intensity were not taken into
account. After using automatic search options, the bands were edited manually.
The five data sets were analyzed separately and then by combining all binary
matrices. Pairwise distances and phenograms were computed using total char-
acter differences and the unweighted pair group method with arithmetic means
in the program PAUP 4.0 (42).

Sequence determination. The ribosomal ITS region was amplified using uni-
versal primers LR1 (59-GGT TGG TTT CTT TTC CT) and SR6R (59-AAG
TAA AAG TCG TAA CAA GG), corresponding to positions 73 to 57 of the 25S
and positions 1744 to 1763 of the 18S nuclear rDNA genes of Saccharomyces
cerevisiae, respectively. For sequencing both strands, one of the two primers was
biotinylated in two reciprocal PCRs. Single-stranded DNA was obtained for
direct sequencing by using streptavidin-coated magnetic beads (Dynabeads M
280; Dynal, Oldendorf, Germany). Each of the strands was sequenced using the
same infrared-labeled primers in the sequencing reaction (SequiTherm ExelTM
Long Read Cycle Sequencing Kit; Biozym Technologies, Oldendorf, Germany),
combined with a LI-COR automatic DNA sequencer.

Sequence alignment and phylogenetic analysis. Sequence alignment and phy-
logenetic analysis were performed using CLUSTAL V (Deutsches Krebsfor-
schungszentrum, Heidelberg, Germany) and PAUP 4.0 (42). Parsimony analysis
was conducted with unambiguously aligned sequences by using stepwise addition
of sequences of the heuristic search option of PAUP. Gaps were treated as
fifth-character states. The robustness of branches was assessed by bootstrap
analysis with 100 replicates.

RESULTS

Figure 1 displays the bootstrap consensus tree inferred from
93 informative sites out of 630 characters, including the ITS 1,
2, and 5.8S sequences of the T. rubrum complex. Within the
complex, two main clades can be distinguished. The species
and strains forming clade 1 (T. glabrum Sabouraud, T. gourvilii
Catanei, T. soudanense Joyeux, T. violaceum Bodin var. indi-
cum Acton & McGuire, and two strains of T. yaoundei [Cochet
et Doby-Dubois]) are supported by a high bootstrap value of

TABLE 1. Trichophyton species and strains analyzed in this studya

Trichophyton species strain CBS no. Status Source

T. abissinicum 126.34 T of B. abissinica Human/tinea capitis
T. balcaneum 359.62 T Human
T. circonvolutum 286.30
T. fischeri 288.86 Contaminant
T. fischeri 100081 T Contaminant
T. fluviomuniense 592.68 T Human/skin
T. fluviomuniense 191.69 Human/skin
T. glabrum 499.48 Human/skin
T. gourvilii 360.62 Onychomycosis
T. kanei 289.86 T Human/buttock
T. kuryangei 517.63 T Child/tinea capitis
T. kuryangei 422.67 Human/tinea capitis
T. megninii 735.88 Human/skin of chin
T. megninii 734.88 Human/skin of chin
T. pedis 189.69 Onychomycosis
T. raubitschekii 100084 T Human/skin
T. raubitschekii 287.86 Human/skin
T. raubitschekii 202.88 Human/tinea pedis
T. raubitschekii IFM 45885
T. rodhainii 376.49 T Human/tinea cruris
T. rubrum 392.58 Human/tinea pedis
T. rubrum 303.38 AUT of T. pervesii Child/tinea capitis
T. rubrum 304.60 T of T. cerebriforme Human/skin
T. rubrum var. nigricans ATU TR9
T. rubrum var. nigricans ATU TR16
T. soudanense 452.61 Human
T. violaceum var. indicum 319.31 T Folliculitis of hair
T. violaceum var. violaceum 374.92 Human/skin
T. yaoundei 730.88 Human
T. yaoundei 305.60 AUT Child/tinea capitis

a T, type strain; AUT, authentic strain; IFM, Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University, Japan; ATU, Faculty of Agriculture,
University of Tokyo, Japan.
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86% (Fig. 1). Clade 1 is separated from the species of clade 2
by seven substitutions. Clade 2 comprises all remaining type
strains, including T. rodhainii Vanbreuseghem, T. fischeri Kane
(2 strains), T. raubitschekii Kane et al. (4 strains), T. pedis Ota,
T. rubrum (Castellani) Sabouraud (3 strains, including var.
nigricans), T. kanei Summerbell, T. kuryangei Vanbreuseghem
et Rosenthal, T. fluviomuniense Miguens (2 strains), T. circon-
volutum Sabouraud, and T. megninii Blanchard (2 strains). Sub-
clustering of the taxa within clade 2 is not supported by boot-
strap analysis and appears to be insignificant since strains of
the same species (e.g., T. rubrum 392.58 versus 304.60, T. rau-
bitschekii 100084 versus 287.86, or T. megninii 735.88 versus
734.88) are found in different subclusters. Sequence comparison
of Trichophyton abissinicum (Agostini) Nannizzi with the species
of the Trichophyton mentagrophytes-Trichophyton tonsurans com-
plex (18) resulted in similarity with Trichophyton immergens
Milochevitch, Trichophyton balcaneum Castellani, and Trichophy-
ton radicosum Catanei (data not shown). Therefore, T. abissini-
cum and T. balcaneum were used as outgroup species.

Results of the two fingerprinting and the three AFLP data
sets are summarized in Table 2 and in the phenogram shown in
Fig. 2. With all primers and primer pairs, a total of 65 frag-
ments was generated. With the exception of the T3B, group-

TABLE 2. Summary of PCR fingerprinting and AFLP analysesa

Primer or
primer pair

No. of
band

%
Similarity

No. of
genotypes

T3B 17 100 1
(AC)10 14 73 4
EcoRI-ATG–MseI-TGC 7 43 3
EcoRI-TGC–MseI-CTA 12 58 4
EcoRI-TGC–MseI-TGC 15 53 3

Total 65 69 9

a Similarity values were computed using total character differences between
strains.

FIG. 1. Bootstrap consensus tree obtained for ITS sequences of dermatophytes listed in Table 1. The tree was generated by using stepwise addition of sequences
from the heuristic search option of PAUP (version 4.0b2). Ninety-three of the 630 selected sites were informative, and the tree length is 170 steps. Bootstrap values
are shown above 70%. T. abissinicum and T. balcaneum were used as outgroup strains. EMBL accession numbers for the sequences are as follows: T. abissinicum,
AJ270790; T. circonvolutum, AJ270791; T. fischeri, AJ270792-3; T. fluviomuniense, AJ270794-5; T. glabrum, AJ270796; T. gourvilli, AJ270797; T. kanei, AJ270798;
T. kuryangei, AJ270799; T. megninii, AJ270800, Z97994; T. pedis, AJ270801; T. raubitscheckii, AJ270802-5; T. rodhaini, AJ270806; T. rubrum, AJ270807-8, Z97993;
T. soudanense, AJ270809; T. violaceum, AJ270810-11; T. yaoundei, AJ270812-13. AUT, authentic strain; T, type strain.
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ings within the T. rubrum complex were similar, irrespective of
the primer used. The similarity levels ranged between 100 and
43% with an average level of 69% when all fragments were
combined (Fig. 2). Nine genotypes were produced, with a min-
imum of one with fingerprint primer T3B and a maximum of
four with AFLP primer pair EcoRI-TGC–MseI-CTA and
primer (AC)10 (Fig. 3; Table 2).

The T. rubrum complex was divided in two main groups, i.e.,
clusters 1 and 2. At the 88% similarity level, cluster 2 was
subdivided (Fig. 2). Figure 4 shows representative genotypes
(A, B, and C) for these three clusters. From the AFLP patterns
it is obvious that genotypes A and C (both cluster 2) were more
closely related when compared to B (cluster 1). Unfortunately
we were unable to generate any AFLP or PCR fingerprinting
data for T. soudanense and T. gourvilii. We know from our
earlier studies that fragment analyses and sequencing data
generally support each other. Therefore, taxonomic inferences

for both species are drawn on the basis of the sequencing re-
sults only.

Results of physiological and morphological studies using the
same strains as studied with ITS sequencing, AFLP, and fin-
gerprinting are presented in Table 3. No significant differences
were found between the strains regarding the physiological
features.

DISCUSSION

All species of the complex appear to be obligately anthropo-
philic, nearly exclusively transmitted from human to human.
Animal infections have rarely been reported, and experimental
transmission of T. rubrum from cultures to animals was prob-
lematic (11). None of the species of the T. rubrum complex is
known to have a teleomorph; they are not even distantly re-
lated to any known Arthroderma species (19). In an extended

FIG. 2. Phenogram computed from the DNA fragment profiles obtained with all PCR fingerprinting and AFLP primer sets. The bar scale shows the similarity (in
percent) computed by total character differences using PAUP 4.0b2. AUT, authentic strain; T, type strain.
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search for teleomorphs, Young (47) found only five strains
producing sterile cleistothecia out of 600 isolates analyzed. In
contrast, other anthropophilic dermatophytes, such as Tricho-
phyton interdigitale, Microsporum audouinii, and Microspo-
rum ferrugineum, are phylogenetically close to described teleo-
morphs of the genus Arthroderma (18, 20). The loss of sexuality
within the T. rubrum complex is a unique phenomenon among
the dermatophytes. Together with the low virulence of the
species concerned, this suggests a fine-tuned adaptation to the
human host. Occasional human infections by otherwise zoo-
philic species such as Trichophyton verrucosum should be re-
garded as “spill-over” infections (E. Holmes, personal commu-
nication), which are evolutionary dead ends because they are
not transmitted any further, whereas low-virulence T. rubrum
strains can continue as chronic cutaneous infections, since they
have changed their route of transmission. The latter had been
promoted during the 19th century by the wide use of closed
footwear, providing a moist and warm environment around the
skin.

Within the species complex analyzed, two monophyletic
clades (1 and 2) can be distinguished based on ITS sequence
data. The clear separation of the clade 1 species is due to the
varying length of a TA motif. This sequence motif is located at
the end of ITS2 and is up to fourfold longer in clade 1 taxa than
in those of clade 2. T. violaceum is the oldest identified taxon
in clade 1. Clade 2 contains strains identified with the ancient
names T. rubrum and T. megninii, although no type or authen-
tic material is known to be preserved from either of these
species.

Although the combined AFLP and PCR fingerprint data
display three groups, only two of them are differentiated by a
fairly high distance value of 31%. Thus, in main traits, these
data are in concordance with the sequencing results. We there-
fore conclude that only two species can be distinguished within
the T. rubrum complex, i.e., clade 1 (T. violaceum) and clade 2
(T. rubrum and T. megninii). For reasons explained below we
maintain T. rubrum for strains classified in clade 2.

The clinical pictures of species in clades 1 and 2 show clear
differences. Clade 1 species primarily cause tinea capitis as en-
dothrix infection, whereas clade 2 species predominantly are
agents of tinea pedis, onychomycosis, and tinea corporis. They
have occasionally been described to cause tinea capitis, but
then (e.g., “T. megninii”) only in connection with ectothrix in-
fections. Distribution of species around T. violaceum is mostly

restricted to Africa, whereas those around T. rubrum are dis-
tributed worldwide.

In their phenetic characters, the two clades are clearly dif-
ferent. The main characteristics are summarized as follows.

T. violaceum. Colonies of T. violaceum strains grow slowly
and are glabrous, leathery, wrinkled, and purple-red, yellow, or
apricot-red; reverse is dark yellow, red-brown, purple, or vio-
let. Macroconidia are absent. Microconidia, when present, are
tear shaped. Hyphae are highly distorted; they may have re-
flexive branching (T. soudanense), and chlamydospores (T. ya-
oundei) may be present. Urease is mostly positive. In vitro hair
perforation tests are negative.

T. rubrum. Colonies of T. rubrum grow quickly and are fluffy
to downy, white, sometimes becoming rose colored when
aging; reverse is wine-red to olive, or sometimes yellow. Mac-
roconidia are sparse or abundant, variable in size, and cy-
clindrical to cigar shaped, with a tendency to disarticulate.
Microconidia are mostly present and pyriform to clavate.
Urease is mostly positive. In vitro hair perforation tests are
negative.

Below, the identity of anamorph strains and typification of
anamorph species are discussed. For full nomenclature of each
taxon, the reader is referred to the work of de Hoog et al. (14).

(i) T. abissinicum (Agostini) Nannizzi. T. abissinicum (Ag-
ostini) Nannizzi (2, 29) was originally described as Bodinia
abissinica and was isolated from a case of tinea capitis of a
native in Eritrea by Agostini (2). CBS 126.34 is probably Ag-
ostini’s original isolate, because it was sent to the CBS by G.
Pollacci, who was Agostini’s director at that time. A molecular
analysis (data not shown) indicated that this species took an
intermediate position between T. tonsurans and T. interdigitale,

FIG. 3. PCR fingerprinting pattern obtained with primer T3B from repre-
sentatives of the Trichophyton rubrum complex. Lane 1, kb ladder; lane 2, T. ru-
brum 392.58; lane 3, T. glabrum 499.48; lane 4, T. violaceum var. indicum 319.31;
lane 5, T. yaoundei 305.60, lane 6, T. kuryangei 517.63; lane 7, T. kanei 289.86;
lane 8, T. fischeri 100081; lane 9, T. megninii 735.88; lane 10, T. raubitschekii 100084.

FIG. 4. AFLP patterns (A, B, C) obtained with primer pair EcoRI-TGC–
MseI-TGC from representatives of the T. rubrum complex. Lane 1, T. rubrum
392.58; lane 2, T. glabrum 499.48; lane 3, T. violaceum var. indicum 319.31; lane
4, T. yaoundei 305.60, lane 5, T. kuryangei 517.63; lane 6, T. kanei 289.86; lane 7,
T. fischeri 100081; lane 8, T. megninii 735.88; lane 9, T. raubitschekii 100084.
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together with T. balcaneum, T. immergens, and T. radicosum.
As is the case with those three species, the taxonomic position
of this species remains as yet unresolved.

(ii) T. circonvolutum Sabouraud. No authentic material from
T. circonvolutum Sabouraud (36) is known to be preserved.
CBS 186.30 is a secondary strain and was sent by G. Pollacci in
1930. Unfortunately the first description is poor. On the basis
of morphology, Dodge (15) supposed it was perhaps referable
to the genus Favotrichophyton along with Favotrichophyton vio-
laceum (later T. violaceum), but our data indicate that CBS
186.30 is T. rubrum. This is in agreement with the clinical
picture in the protologue, because the type specimen was iso-
lated from a case of tinea corporis (buttock lesion).

(iii) T. fischeri Kane. CBS 100081 is the type strain of T. fis-
cheri Kane (24). Based on phenotypic characters, Kane sepa-
rated this species from T. rubrum by more abundant sporula-
tion (not in agreement with our data [see Table 3]) and its
inability to form a red pigment on CAS-erythritol-albumin
agar. The species is described as nonpathogenic since it was
isolated as a contaminant of blood plates and from sputum of
a patient with pneumonia caused by Pneumocystis carinii (35).
The molecular and physiological data indicate that T. fischeri
and T. rubrum are conspecific. In addition, it is known that
arthroconidia of T. rubrum can survive up to 18 months in the
environment (4), and thus airborne contamination appears not
to be unusual.

(iv) T. fluviomuniense Miguens. CBS 592.68 is the type strain
of T. fluviomuniense Miguens (28). It was isolated from a case
of tinea corporis. The taxon is conspecific with T. rubrum.

(v) T. glabrum Sabouraud. Probably no type material has
been preserved for T. glabrum Sabouraud (36). Strain CBS

499.48 is a secondary isolate of strain E. Rivalier originating
from a tinea capitis in France. Colonies of T. violaceum lacking
the ability to form the pigment were previously called T. gla-
brum. Our data confirm the opinion of Rippon (34), who
treated the name as a synonym of T. violaceum.

(vi) T. gourvilii Catanei. No authentic material is known
to be preserved from T. gourvilii Catanei (9). CBS 360.62 is
a secondary strain which was isolated from a native of Togo
suffering from a nail mycosis. This species is considered by
some authors to be conspecific with T. violaceum (32). Our
data support their observation.

(vii) T. kanei Summerbell. CBS 289.86, originating from a
tinea corporis, is the type strain of T. kanei Summerbell (40).
The species resembles T. rubrum morphologically, but differs
by its inability to produce microconidia. PCR fingerprinting
and AFLP patterns along with ITS sequencing data show 100%
homology to T. rubrum.

(viii) T. kuryangei Vanbreuseghem & Rosenthal. CBS 517.63
is the type strain of T. kuryangei Vanbreuseghem & Rosenthal
(44). In agreement with our molecular data, Varsavsky and
Ajello (45) suggested that the species is conspecific with T. meg-
ninii on morphological grounds, the latter being a synonym of
T. rubrum.

(ix) T. megninii Blanchard. T. megninii Blanchard (5) dates
back to 1896, and it is the oldest name available in the T. ru-
brum complex. Cultures were not made at that time, and au-
thentic material hence is not available. CBS 734.88 and 735.88
are secondary strains, which were isolated by M. Pereiro from
cases of human tinea corporis in Spain. The micromorphology
resembles that of T. rubrum, suggesting that it might be a vari-
ant of T. rubrum. T. megninii is physiologically distinct from

TABLE 3. Physiological data of the strains used in this study

Species CBS no. Ua Hb TIc T2c T3c T4c T5c T6c T7c MiCd MaCd

Clade 1
T. glabrum 499.48 W 2 1 1 11 11 1 1 1 1 2
T. gourvilii 360.62 2 2 1 1 1 1 1 1 1 2 2
T. soudanense 452.61 2 2 1 1 1 1 11 1 1 11 2
T. violaceum var. indicum 319.31 W ND ND ND ND ND ND ND ND 2 2
T. violaceum var. violaceum 374.92 1 2 1 1 11 11 1 1 1 2 2
T. yaoundei 730.88 D 2 1 1 1 1 1 1 1 2 2
T. yaoundei 305.60 1 2 1 1 1 1 1 1 1 1 2

Clade 2
T. fischeri 288.86 W 2 1 1 1 1 1 1 1 11 1
T. fischeri 100081 W 2 11 11 11 11 11 1 1 11 2
T. fluviomuniense 592.68 D 2 11 11 11 11 11 11 11 11 11
T. fluviomuniense 191.69 D 2 11 11 11 11 11 11 11 11 11
T. kanei 289.86 2 2 11 11 11 11 11 11 11 2 1
T. kuryangei 517.63 1 2 11 11 11 11 11 2 11 11 2
T. kuryangei 422.67 D 2 11 11 11 11 11 2 11 11 2
T. megninii 735.88 D 2 11 11 11 11 11 1 1 11 2
T. megninii 734.88 1 2 11 11 11 11 11 2 11 11 2
T. pedis 189.69 2 2 1 1 1 1 1 1 1 11 2
T. raubitschekii 100084 W 2 11 11 11 11 11 1 1 11 11
T. raubitschekii 287.86 1 2 11 11 11 11 11 11 11 11 11
T. rodhainii 376.49 D 2 11 11 11 11 11 11 11 11 2
T. rubrum 392.58 2 2 11 11 11 11 11 11 11 1 2
T. rubrum 303.38 2 2 11 11 1 11 11 1 1 11 1
T. rubrum 304.60 D 2 11 11 11 11 11 1 1 11 11
T. rubrum var. nigricans TR 16 1 2 11 11 11 11 11 11 11 11 2
T. rubrum var. nigricans TR 9 W 2 11 11 11 11 11 11 11 11 2

a U, urease test; 1, positive; W, weak; D, delayed; 2, negative after 7 days of incubation.
b H, hair perforation test; 1, positive; 2, negative after 4 weeks of incubation. ND, not done.
c T, Trichophyton agar; T2 through T5, growth relative to T1; T7, growth relative to T6, where T1 and T6 are basis test media without supplement (see Materials

and Methods); 11, good growth; 1, poor growth; 2, no growth after 4 weeks of incubation. ND, not done.
d MiC, microconidia; MaC, macroconidia; 11, abundant; 1, sparse; 2, absent.
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T. rubrum in its requirement of L-histidine. Since the strains
with this characteristic have close molecular resemblance to
T. rubrum, probably a metabolic mutant is concerned. Thus,
the strains with this characteristic are regarded as synonyms of
T. rubrum. However, the protologue is insufficiently clear to be
certain whether Blanchard’s (5) taxon is identical to this mu-
tant; we therefore treat the name T. megninii as of doubtful
identity. Bodin (7) further listed a Trichophyton roseum Sab-
ouraud. Authentic material for this taxon is lost. In the proto-
logue, strains from humans and chickens are listed, and hence
it is difficult to guess which species was concerned. T. roseum is
therefore regarded as a doubtful species.

(x) T. pedis Ota. No authentic material is known to be pre-
served for T. pedis Ota (31). CBS 189.69 is a secondary strain
isolated from a nail mycosis. This strain was identified as T. ru-
brum.

(xi) T. pervesii Catanei. T. pervesii Catanei (10) strain CBS
303.38 is authentic for the species. The author failed to provide
a Latin description as required by the International Code of
Botanical Nomenclature (ICBN) and hence the name is invalid
(Article 36, ICBN). In the CBS list of cultures, the species
was already synonymized with T. rubrum on morphological
grounds. Our molecular results confirm these data.

(xii) T. raubitschekii Kane, Salkin, Weitzman & Smitka. CBS
100084 is the type strain of T. raubitschekii Kane, Salkin,
Weitzman & Smith (26). The morphological and physiological
features separating it from T. rubrum are relatively minute (the
species [i] is urease positive, [ii] has restricted growth on lac-
tose agar, [iii] shows brown rather than red pigmentation on
casein dextrose agar, and [iv] produces abundant macroconi-
dia). Using restriction fragment length polymorphism analysis
of the mitochondrial DNA, Ishizaki et al. (22) revealed iden-
tical patterns between T. raubitschekii and T. rubrum, suggest-
ing conspecificity. Our data confirm their suggestion. There-
fore, this species is reduced to synonymy with T. rubrum.

(xiii) T. rodhainii Vanbreuseghem. T. rodhainii Vanbreuseg-
hem (43) strain CBS 376.49 is the type strain of this species.
The taxon name is illegitimate, as no Latin description was pro-
vided by the author. Ajello (3) already equated the species with
T. rubrum, which is confirmed by our data.

(xiv) T. rubrum (Castellani) Semon. No type material is
known to be preserved for T. rubrum (Castellani) Semon (8,
38). The authentic strain originated from a case of tinea cruris.
CBS 392.58, isolated from tinea pedis, shows all of the mor-
phological characteristics described by Castellani, which are
currently maintained as diagnostic for the species (14, 25), and
it is therefore indicated as the neotype strain for T. rubrum.

(xv) T. rubrum var. nigricans Frágner. T. rubrum var. nigri-
cans Frágner (15) is characterized by its melanoid pigmenta-
tion. No type material was available; ATU TR9 and 16 are
secondary isolates isolated by A. Hasegawa. T. rubrum var.
nigricans is reduced to synonymy with T. rubrum.

(xvi) T. soudanense Joyeux. The authentic material for
T. soudanense Joyeux (23) is probably lost. CBS 452.61 (equals
R.V. 10184) was isolated by R. Vanbreuseghem from a patient
in Zaire in 1959. The species’ commonest clinical manifes-
tation is identical to that of T. violaceum, i.e., “black dot,” an
endothrix infection of the scalp. The taxon is a synonym of
T. violaceum.

(xvii) T. violaceum var. indicum Acton & McGuire. The type
strain of T. violaceum var. indicum Acton & McGuire (1) is
CBS 319.31. According to the authors, it differed only in cul-
tural characteristics, but not in morphology. The taxon is syn-
onymous with T. violaceum.

(xviii) T. violaceum Sabouraud. No type material is known to
be preserved for T. violaceum Sabouraud (7). The protologue

(7) describes an isolate from a tinea corporis in Paris, which is
in accordance with the cultural and morphological criteria
maintained in recent treatments of the genus Trichophyton
(14). Therefore CBS 374.92, from a human tinea corporis in
The Netherlands, has been selected as the neotype strain.

(xix) T. yaoundei Cochet & Doby-Dubois. T. yaoundei Cochet
& Doby-Dubois (13) strain 305.60 is authentic and was isolated
from a patient with tinea capitis. The species name is invalidly
described as it lacked a Latin diagnosis (Article 36, ICBN). It
was considered by some authors (32) to be conspecific with
T. violaceum; our data support this observation. A recent ITS
sequence study by Summerbell et al. (41) has placed T. yaoun-
dei near Trichophyton simii, a monkey dermatophyte. This place-
ment is based on a misidentified isolate deposited in the Uni-
versity of Alberta Microfungus Collection and Herbarium.

ACKNOWLEDGMENTS

We thank Jirko Kühnisch for excellent technical assistance. Parts of
the sequences were kindly provided by M. El Fari.

Funding was provided by the Deutsche Forschungsgemeinschaft,
GR 1147/1-1 and GR 1147/1-2, to H.-J. Tietz and Y. Gräser. Part of
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19. Gräser, Y., M. El Fari, R. Vilgalys, A. F. A. Kuijpers, G. S. de Hoog, W.
Presber, and H.-J. Tietz. 1999. Phylogeny and taxonomy of the family Ar-
throdermataceae (dermatophytes) using sequence analysis of the ITS region.
Med. Mycol. 37:105–114.
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